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ABSTRACT 
There are presently 600 million of people in Africa without access to electricity. To resolve this issue, 100 million 
of new connexions are needed. These new connexions require more investments in propice environments. 
However, most investors have reduced their risk appetite for Africa due to the absence of adequate regulatory 
and policy framework in the energy sector. Many utilities are no longer bankable and trustworthy like before. 
Stakeholders do not have sufficient financial resources to build or rehabilitate energy infrastructures. Statistics 
reveal that public institutions will need the support of the private sector in order to emerge. As such, Public and 
Private Partnerships (PPPs) leading to strategic investments seem essential for the deployment of the African 
energy sphere. Mini-grid systems are recommended as potential tools for local electrification that will lead to the 
economic boom of Sub-Saharan African (SSA) developing countries. The challenge is that a suitable business 
model for mini-grid is not yet identified and continue to be developed. For this reason, this paper aims at 
encouraging the development of a regulatory framework and replicable business model that will be used by other 
mini-grid developers to attract strategic investments to implement projects starting at the village level. 
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1. INTRODUCTION 
There are about 600 million of Africans without electricity. In order to eradicate this power shortage, 
approximately 100 million new connections are needed, and more investments are required. The problem is that 
the environment is already risky for investors and only few are willing to foster private strategic investments. 
Mini-grid systems are proposed as one of the most effective and cheapest avenues to promote social and 
economic development of SSA.  
Mini-grid systems are defined as autonomous local, stand-alone power generation and distribution networks that 
manages supply and demand. They are also referred as decentralized utilities, off-grids electricity distribution 
network involving small-scale (nano, micro or mini) electricity generation with a power ranging from below to 
up to 15MW maximum (Weston et.al, 2016). Since the electric grids of many developed countries once started 
as mini-grid systems before being connected and integrated into a larger grid, these systems can be essentially 
operated by state utilities themselves, private companies, non-governmental organisations (NGOs), community-
based organisations or all the four combined together. They can be run on diesel, REs (solar PV, hydro, wind 
and biomass) or on REs and diesel hybrids (Hazelton, 2017).  
Most mini-grids developers are facing difficulties. There are five major barriers that mini-grids developers are 
currently facing. As displayed in Fig.2, these challenges are: (a) lack of adequate policy and regulatory 
framework relating to tariffs, licensing and permitting procedures; (b) insufficient proven business models since 
most require projects of very large volumes; (c) lack of market data ; (d) lack of stakeholders’ capacity ; (e) 
difficult access to project finance leading to slow investments in the mini-grid sector as compared to the solar 
home systems (SHS) using Pay As You Go (PAYG). 
 
 
 
 
FIGURE 1: Main barriers to mini-grids deployment in Africa (Weston et. al, 2016) 
This paper aim at encouraging the development of a regulatory framework and replicable business model that 
can be used by mini-grid developers to attract strategic investments for the holistic electrification of SSA. 
2. GLOBAL ENERGY: STATUS-QUO AND PROSPECT 
According to the International Energy Agency (IEA), the world’s energy consumption increased by 2.3% last 
year. This increase was driven by the global economy that expanded by 3.7% in 2018. The demand of all fuels 
such as natural gas largely increased accounting for 70% of the global energy demand, thus, making the 4% 
increase of renewable energies (REs) insufficient to meet the world’s expectation (IEA, 2019).  
As depicted in fig.1, the utilization of fossils fuels to generate electricity consequently propelled the increase of 
carbon dioxide (CO2) emissions by 1.7 % in 2018, hitting a new record with coal-fired power plants as the major 
sources of CO2 emissions. In spite of the predominance of coal and gas, it is reported that REs drastically grew 
since 2010 reaching one quarter of the world’s power output in 2018. According to Jacobson and Delucci (2011), 
REs using hydro, wind and solar sources could meet the global energy demand by 2030 and even replace all 
current non REs by 2050. To ensure that this prospect becomes a reality, energy challenges will have to be 
adressed in regions of the world with high rate of power deficit such as sub-saharan 
 
 
 
 
 
FIGURE 2: Electricity generation mix in 2018 (IEA, 2019) 
SSA plays a very crucial role in the universal energy access by 2030 initiative. To achieve this, the overall 
objectif is to obtain an annual electrification growth rate of at least 8.4 % in SSA (World Economic Forum, 
2017). Unfortunately, the reality is that this region has an approximate electrification rate of 43 %  despite many 
initiatives launched between 2000 and 2018 (World Bank, 2016). According to SE4All (2019), 2 out of 3 people 
don’t have access to electricity in SSA and 600 millions people have power shortage across the continent. This 
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will be worse if no measures are taken in the next decade. Banda (2019), indicates that the energy demand will 
likely triple by 2030 due to the need to rise living standards and promote industrialisation. This justifies the 
urgent need of optimizing the current electrification performance in SSA. Jacobson and Delucci (2011), stipulate 
that REs will play a vital role in contributing in the 17 trillion watts of the projected global energy demand in 
2030. They further assert that the current global availability of REs can be developed and dispatched if necessary 
infrastructures are built.  Table 1 presents infrastructure requirements for supplying all global energy from REs 
sources in 2030. Considering availability and dispatchability of REs technologies, it is assumed that 90 % of 
global energy supply will come from solar and wind sources while only 10% will come from other REs sources. 
 
Energy sources Infrastructures Total Global 
REs 
Availability 
(Trillion 
watts) 
% of 2030 
Global  
Power 
Supply 
Number of Plants 
/ Devices  
Needed 
Worldwide 
Wind  Wind turbines 1,700 50 3,800,000 
Wave 
Wave power 
plants >2.7 1 72,000 
Geothermal Geothermal plants 45 4 5,350 
Hydroelectric 
Hydropower 
plants 1.9 4 900 
Tidal Tidal turbines 3.7 1 490,000 
Solar Photovoltaic 
(PV) 
Solar PV power 
plants 6,500 6 40,000 PV Solar Home 
Systems (SHS) 14 1.7 billion  
Concentrated Solar 
Power (CSP) CSP plants 4,600 20 49,000 
  
 
 
TOTAL 12,853.3 100 1,704,457,250 
 
TABLE 1. Global REs Availability and requirements for Global REs supply in 2030   
(Jacobson and Delucci, 2011) 
 
Since these technologies already exist, it should not require multiple technical efforts to maximize them. 
However, the energy infrastructure investments remain a major challenge. In order to leverage the proportion of 
REs sources in the energy mix, private investors will have to be more inclusive in the energy sphere. They will 
have to play a more concrete role in financing projects as the public sector is unlikely to do so due to financial 
constraints. Unlike Europe and North America where REs projects are promptly funded, Africa is still facing 
challenges to deploy strategic investments in this sector. 
 
The uncertainty of energy policies coupled with risky investment environments amongst other factors is reducing 
ipso facto the appetite of investors. A fact that many developpers are still trying to comprehend. In the interview 
conducted by Gwladys Johnson Akinocho (2019), Antoine Huard, co-author of the note and President of the 
Think Tank France Solar Territory, wonders as to why funding remains the primary problem for solar power 
deployment in Africa since there has never been so much facilities, funding programs, REs initiatives promised 
in climat summits such as at this present time. He further pinpointed that the availability of funds is not the main 
problem but rather solar projects that are deemed not bankable enough for investors. To enhance bankability, de-
risking instruments must be implemented or perhaps emphasized. To implement these instruments, the Public-
Private Partnership (PPP) must be totally demystified. 
 
 
 
3. THE COMPLEXITY OF LARGE-SCALE PROJECTS 
There are presently three major challenges relating to large scale infrastructure projects that are identified in the 
energy sector of SSA developing countries: (i) Promoting the local transmission of electricity to increase the 
national electrification rate within countries before adopting interconnector projects within regional power pools. 
(ii) Maximizing the certainty for lenders and investors in the implementation of large infrastructure projects. (iii) 
Guarantying the bankability of offtakers, which is not always an easy task.  
Often, large scale projects are adopted by developing countries with high untapped potential but with small 
markets, weak institutions, constrained capital, inadequate legal and regulatory frameworks and uncertain 
political landscape that enfeeble the credibility of offtakers.  Today, only few utilities such as NamPower are 
considered creditworthy. As such, given the financial state of regional utilities, national governments are 
expected and even forced to enhance the credibility of these entities.  
On one hand, most SSA national governments don’t have fiscal space to provide long-term Power Purchase 
Agreement (PPA) guarantees. On the other hand, large projects such as Grand Inga 3 in Central Africa or Grand 
Ethiopian Renaissance Dam (GERD) in East Africa, which is the largest hydropower dam to be constructed in 
the continent, are unlikely to be commissioned in a near future and remain stagnant or behind schedule for many 
years (International Rivers, 2018). The Lesotho Highlands Water Project in Southern Africa is one of the very 
few post-colonial regional projects that has been successfully implemented, with the involvement of two regional 
countries that agreed to underwrite the whole project to make it happen. As asserted by Krüger (2017), African 
hydropower projects could generate a potential of 27 GW of electricity although they must always face the 
complexity of social and environmental factors coupled with the reality of the post colonialism’s economics.  
This proves that unless there are bankable regional supranational entities that can underwrite large scale projects, 
it remains difficult to convince commercial banks, Development Financial Institutions (DFIs) or institutional 
investors to fund projects of this magnitude.  For this reason, it is essential for SSA countries to re-strategize 
their approaches on energy legislation and integrated plans with the adoption of micro and mini scales REs 
projects at the domestic level to allow full private sector participation. From this perspective, international capital 
and expertise will be attracted to level up local capacities and subsequently embark on a grand scale. This can be 
achieved if solutionist instruments such as programs of rural electrification with mini-grids are put in place. 
4. ELECTRIFICATION WITH MINI-GRID: CHALLENGES AND OPPORTUNITIES 
In many remote areas of African countries, centralized power is not feasible due to relatively small dispersed 
loads. Power transmission for these geographically isolated areas remains an issue. For this reason, the IEA 
perceived mini-grid systems as the future of rural electrification as they provide an attractive alternative with 
enhanced stability and direct current (DC) power or more sophisticated alternative current (AC) power through 
a semi-centralized or decentralized system at the village level. Despite all these outlined merits on mini-grids, 
the combination of regulatory inadequacy and reluctant investment remain the main barriers to their deployment 
in Africa. The sector is slowly growing and has not yet reached a stage of maturity to encourage comfortable 
private investments. Thus, the need to de-risk the sector. 
To de-risk means to eradicate, mitigate and manage uncertainties that lead to financial losses. Chapman and 
Cooper (1983), defines the word risk as “an undesirable implication of uncertainty” that can either have a positive 
or negative impact on projects planned. The occurrences of uncertainties are better circumvented through risk 
analysis and management. Risk management is a vital part of decision making and does not only help avoiding 
undesirable events but also help understand and learn from past mistakes to better manage uncertainties and 
reduce consequences thereof. For this reason, this thesis seeks to fill the existing information gap in the mini-
grids sector to provide substantial de-risking tools to deploy strategic investments in SSA countries. 
 
 
 
As illustrated in figs.2 and 3, SHS and mini-grid projects strongly depend on grants and subsidies. Unlike mini-
grids enthusiasts, SHS developers have received considerable interest from equity providers, DFIs, commercial 
banks and grants givers. Since 2010, SHS has managed to raise 1.13 billion USD while mini-grid developers 
only raised 190 million USD (Attia and MazeRothstein, 2019). Grants requirements are often complex and hard 
to meet especially for at least 30 % of total investment costs. This is because grants and subsidies come from a 
wide range of sources such as DFIs, trust funds, foundations, international and local governmental development 
agencies. Grants and subsidies are usually provided for pilot projects. Mini-grid developers usually raise the total 
capital expenditure (CAPEX) from different equity investors to implement pilot projects and develop their 
business models accordingly. These equity investors can be venture capitalist, early stage equity providers or 
even patient capitalists. Equity can be injected directly into the Special Purpose Vehicle (SPV) or indirectly 
through a specific facility that awards equity to developers after due diligence. Most investors, especially in 
Africa, require high Internal Rate of Return (IRR).  
 
FIGURE 3: Investments in SHS sector (Attia and MazeRothstein, 2019). 
The targeted equity IRR is usually above 20% due to the bankability level, liquidity of consumers or major off-
takers. This cannot always be attained using present business models of mini-grid developers as financial models 
are to comply with the reality on ground. For this reason, SHS activists, using the PAYG strategy associated with 
mobile phone-based money transfer and microfinancing services, are attracting more investments and generating 
more profits. 
 
 
 
 
 
FIGURE 4: Investments in the mini-grid sector (Attia and MazeRothstein, 2019). 
 
The challenge is that SHS are suitable for individuals. They empower houses, small and medium enterprises 
(SMEs) but cannot really attract large industries, which is something that mini-grids system can do in addition 
to many other things SHS cannot do. Mini-grids can empower homes, develop SMEs and promote 
industrialization of isolated areas. For this reason, this thesis seeks to provide de-risking instruments that will 
give comfort to investors and enhance PPPs, attract strategic investments, alleviate situations of developers, 
demystify the mini-grid sector and eradicate power shortage in SSA region.  
 
5.  CONCLUSIONS 
There are currently no adequate business models for mini-grids. The sector is still ambiguous and there is not 
enough information to capacitate key stakeholders. Despite the benefits that mini-grid is bringing for local 
electrification, many African authorities are not facilitating permitting procedures and policies for developers. 
Many developers are deemed to suffer from inequitable treatment as compared to utilities. Some associations 
such as the African Mini-grids Developers Association (AMDA) and the Alliance for Rural Electrification (ARE) 
are advocating for parity and fair treatments of mini-grids activists. This is due to the absence of an adequate 
regulatory and policy framework for the adoption of mini-grid systems. An adequate regulatory framework will 
contribute to the initiatives of AMDA and ARE by facilitating permitting procedures to ensure a smooth adoption 
of mini-grid technologies and by enlightening developers and potential investors to clearly identify risks and find 
suitable tools to mitigate them. 
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